J4                          PRELIMINARY.
by the radius-vector are proportional to-the times j for, as we have seen, the moment of the velocity is doable the .area traced out by -the radius-vector in unit of time.
48.    Hence in. this case the velocity at any point"!? inversely as the perpendicular from the fixed_. point to the tangent to the path or' the momentary direction of motion.
For the product of this perpendicular and the velocity at any instant gives double the area described in. one 'second about the •fixed point, which has" just been shown to be a constant quantity.
As the kinematical propositions- with which we 'are. dealing have important 'bearings on Physical Astronomy, we enunciate here Kepler's 'i£aw$. of.Planetary Motion. They were .deduced'originally;from observation alone, but Newton explained them on physical principles and showed that they are applicable to comets as well as to planets.
I.    Each planet describes an Ellipse [with comets, this rnay be-any Conic Section] of which the Sun occupies one focus*.
II.    The radius-vector of each planet, describes equal ..areas'Jn equal times.
III.   'The square of the periodic time .jui an elliptic orbit] is proportional to the cube of the major axis.
Sections 45—47, taken "in connexion with the second. of these laws, show that the acceleration ,of the motion of a. planet-or <tomet is along the radius-vector.
49.    If, as in § 35, from any fixed point,'lines be drawn at every 'instant representing in magnitude and direction the velocity of a point Describing any-path in any manner,'the extremities of these.lines .form a curve which is called the Hodograpk.  -The fixed point from, which these lines are drawn is called the hodbgraphic origin.   The •invention of .this construction is due to Sir W. R. Hamilton; and one of the most beautiful of the many remarkable theorems to which it leads is this: The Hodograph for the motion of a planet or comet if., always a artle, whatever be the form and dimensions of the orbit. The proof will be given immediately.
It was shown (§ 35) that an arc of the holograph represents the change pf velocity of the moving point during the corresponding time; and also that the tangent to the Jhpdograph is parallerto the direction, and the. velocity in the hodograph is equal to the amount of the acceleration of-the moving point
When the hodograph. and its origin, and the velocity along it, or the time corresponding to each point of jt, are given, the orbit may easily be shown to be determinate.
[A4 important improvement in nautical charts has been'suggested by Archibald Smith1. It consists in drawing a curvej "which may be. called the tidal hodograph with reference to any point of a chart for which the tidal currents are to be"1 specified throughout the chief tidal period (twelve lunar hours). Numbers from I. to XII. are placed at marked points along the curve, corresponding to the lunar
. R. s. 1865. that in the case supposed the areas described
